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Abstract

This report dbcﬁments the énitial phase of a project investigating
how to relate formal mathematicél representationél and problem-solving
skills to the informal strategies that chil&ren naturally invent to
solve simpie addition and subtraction word problems.

The mitcrocomputer provides a mezns for directly relatigg formal
symbolic representations to children's infgrmal mddeling processes. A
proéram has Séen developed that allows childreh to use a micro-computer
rather than physical objects to solve word problems. Children initially
are taught to use the microcomputer to s;lve simple word problems using
essentially the same progesses that they usk with physical objects. They

produce sets of objects one at a time and can make a single set, or make

two sets, or remove elements from a set they have constructed.' The ob- ol

jectives of sthese initial activities are to familiarize child;en with
the microcomputer and mage the transition from using physical quects to
usiﬁg the pictorial display.

The connection between the informal modeliﬁg processes_ and the formal
mathematical symbolic representations is made by teaching the children
that they do not have to construct sets on the microcomputer one elemenL.
at a time; they can construct them by writigg number sentences. To

solve an addition pfoblem, they enter an addition sentence like 8 + 5 =[:]. |

This actually praduces a set of 8 and a set of 5, just as the child would -

ix
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. using physical objects. Entering a subtraction sentence 13 - 8 = {:]pro—

ducee a set of 13 and then removes 8 elements to another portion of the
screen. Since the number sentence that the children enter actually con—
structs the physical representation that they can use to solve the problem,
writing the number.sentence becomes’ part of.the solution process, not an
nnrelated activity.

lA pilot study was carried out with four first-grade children. The
children were individueily instructed for a seriee of nine 20-minute

4

lessons. The results of the pilot study indicate that the program is

effective in teaching representational and nroblem-solving skills. Before

1nstruction,~the four children consistently wrote incorrect sentences for
more-difficult problems and generally did not use the1r number sentences
for their solutions. Following instruction, three of the four chlldren ]

r

consistently used number sentences to solve a wide variety of addition

and subtraction problems.
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Introduction

The purpose of this report is to describe the results of Fhe initial i
phase of the micr9computeF research project carried out by the Mathe-
matics Work Group of the Wisconsin Center for Education Research. The
aim of the project is to inVestigate the transition phase in children's
learning of symbolic rep;esentational skills in mathematics ag they pro- ,
gress from the informal sérategies learned independent of schoo{ instruc-
tion to the more formal skills of.writing symbolic sentences to represent
verbal problems and then solving those sentences. Addition and subtraction
problems are the céntenﬁ domgﬁn of the project. The project uses the micro-‘
compﬁter to e;tablish a direct link between writing symbolic number sen-
tences and cﬁildren's ;nformal modeling processes. ‘

This report covers work carried out during the peribf/}ég:;:y‘l982
to June 1582. A program was devgloped for ihe Apple I1 microcomputer ‘
and then used in a teaching experiment with fou? first—grﬁde chi%dren
from a private school in Madison, Wisconsin. Subseq;ent sections contain
the background and rationale for the study,.a description of the co@puter
program, the instructional treatmenf used in the teaching experiment, fnd
the results of Fhe study: A fiﬁal section presents some overall con-

clusions together with projections for future directions of the research

project.

In the last few years a substantial body of research focused on the

learning of addition and subtraction concepts in general and on the

- : ﬁacgground . ' | l
1
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solution of addition and subtraction word problems in particular. In the

- “

. fall of 1979, an international conference devoted exclusively to the study
of addition and subtraction waé held (Carpenter, Moser, & Romberg, 1982),

and several major reviews of work An this area have been written (Carpenter,

e

Blume, Hiebert, Anick, & Pimm, in press; Carpenter & Moser, in press;

Riley, Greeno, & Heller, in press).

Current research on children's solution of basic addition and subtrac-

tion word problems follows a basic- cognitive approach outlined by Glaser

-
> 1

and Péllegrino (1978). This approach involves the detailed analysis of

2

a specific content domain which is then related to a careful anakysis of
the strategies that children use to sblve/problems'within the domain.

3
Currently, there is good agreement regarding the basic characterization

of addition and subtraction word problems, and there is a reasonably con-

sistent picture of the difficulty level of différent types of problems
: 4 . : .
and the informal problem;gblving strategies children ‘invent independently

of instruction. However, relatively little is known regarding the transi-

»

tion from these informal strategies to the formal addition and suptraction,
. I

skills taught in school (Riley et al., in press).

-

Analysis of Problem Types

Early research took several approaches to the characterization of

»

word problems: One was to classify problems in terms of syntax, 'vocabu-
larly level, number of wprda in a problem, and so forth (e.g., Jerman,
1973; Suppes, Loftus, & Jerman, 1969). A sécond approach differentiated

between problems in.terms of the open sentences they represented (e.g.,

)

o »
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Grouws, l9f2; Rosenthal & Resnick,(l974). The most productive approach,

that folldwed by current research, is based on the semant.ic characteristics

\

of problems (Carpenter.& Moser, 1982; Gibb, 1956; Greeno, 1978; Vergnaud,

1982). Semantic analysis is based primarily on structural characteris-

ta

tics involbing thé action or relationship described in the problem.
Alrogether therg are six basic semantic problem types: Separate, Combine,

P /
Compare, Join, and two typés of Equalize problems (Carpenter & Moser, 1982).
The follpwing four subtraction problems illustrate the Rinds of distinc- f’///
ttons drawn between problem types. Although all four proélems can be %
represented by the mathematical sentence 12 - 5 =[:], they represent dis-

tinct interpretations of subtraction:

Tim has 12 candies. He gave 5 candies to his sister. How many
candies does Tim have left?

Tim has 12 candies. Five the them are grape and the rest are
lemon. How many lemon candies does Tim have?

Tim has S candies. His sister Connie had 12 candies.. How many
more candies does Connie have than Tim?

Tim has 5 candies.  His sister Connie gave him some more candies.’
Tim has 12 candies. How many candies did Connie give to him?
i
. ‘ : Y .
The first problem, Separate, de%cribes the action of removing a subset of

a given set. The seécond, Combine, is a static situation in which one of

two parts of a known whole must be found. The third problem, Compare,

involves the comparison of two distinct sets. The fourth, Join, des-

cribing an, additive change action) has as its unknown the size of that
change. For each semantic problem type, three distinct problems can be .

generated by varying which quantity is unknown. The first problem above

. A ,
could be altered as follows to produce a parallel missing minued problem:

15
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Tim had some candies. He gave Sxéandies to his sister. rff‘he
has 7 candies left, how many candies did he have to start with?

As can be seen from these examples, a number of Bemantically distinct
problems can be generated by varying the structure of theOproblem, even

though many of, the same words appear in the different versions. -

Analysis of Children's Psrformance ’ ' ‘
53 : - :

Most past studies of addition and subtraction wegre limited tc finding

out which types of problems were most difficult. More recently, work has

‘begun to focu¥®on the processes children use to solve different problems.
. \ <
Measuring response latencies (Groen & Parkmaﬁ}\l972; Groen & Resmuick, 1977;

Suppes & Groen, 1967; Woo@s, Resnick, & Groen, {1975) or conducting clini-
cal interviews (Blume, 1981; Brush, 1978; Carpenter, Hiebert, & Hoser, n

4

1981; Carpenter & Moser, 1982; Hiebert, 1981; Lindvall & Ibarra, 198C), re-

ls

searchers have identified a number qf strategies that children use to ~

soive different addition and subtraction problems.
Q Data Erom these studies suggest that, contrary to popular notions,
. young children are relaiively successful at analyzing and solving simple
[ Yyerbal prablems. Before receiving formal instruction in addition and

)
subtraction, young children invent informal mbdeling and counting strate-

s .
gies for sclving addition and subtraction problems (Carpenter,, Hiebert,

v I
& Moser, 1981; Carp‘ter & Moser, 1982). These results suggest that word

problems may be the most appropriate context for introducing formal con-

cepts of addition and subtraction. The present research inyestigates this

-

hypothesis.




)
The informal solution strategies that children invent have a clear

relationship to the addition and subtraction problem types described

above. At the earliest stage most children directly model quantities

g8

‘

described in a problem, perform a .tions on these models, and enumerate
t 2

< . 4
s=:ts to determine an answer. For example, to solve the following Join,

missing addend problem, children at this stage generally would construct a

set of 5 objects, add more objects until there was a total of 12 objects,
and court the.number of objects added. -

Q
Sally has 5 baseball cards. How inany more baseball cards épé;
she need to have 12 baseball cards altogether? -

At the next stage, children shift to more abétract counting ‘strate~
gies. To soive thé above ﬁ%obleh, a child would recogpize'that it was un-
necessary to construct the set of 5 objects and instead simply count from
5 ,to 12, keepiﬁg prack.bf the number of counts. At both stages, the type
of strategy used depinds upon the semantic structure of the problem, sug-
gesting that children do not transform problems to a single representation
of addition or subtraction.' During the early stages of development,
children do not appear to recognize the interch@ﬁgeabi}ity qf their strate-
gies. Iﬁ other words, they do not initially recognize that &ither a
separaéing or an adding ¢n strategy will generate the same solution. A
completely developed concept of addition and subtraction presumably wou}d

¢

require an integration of various interpretations of those operations as

represented by the different counting strateg«es. That is to say, the

»

concrete counting strategiés’ should eventually evolve into the abstract

representation of formal mathematiés (Carpenter & Moser, 1982).

v
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Current instruction clearly fails to build upon the informal strate-

g

! gies that children develop outside of school. There is reasonable consen-
“ A

G

sus on how éhildren solve addition and subtraction problemp; but there is

a great gap between what is, known regarding children's solution processes .
- and current instructional practice (Carpenter, 1981).

Representing Addition and Subtraction Problems

s
o

¢ The process of representing a real world or verbhlly posed problgﬁ is ’
a fun@ameptal problem~solving skills.‘ The development of this sgiil is
a majgor objective of the entire mathematics curriculum. We hypothesize
that a cause of the difficulty of older children to solve problems (Car-
penter et al., 1980) may be their inability to adequately represent a
given problem with the aépropriate mathematical symbolism: The contrast
between young children's success in analyziﬁg simple préblems and older
children's performance on more complex problems suggestrs that the transi-
tion from simple representations such as physical modeling, counting, and
tallying to symbolic mathematical representations and operations such .
as writing number sentences, mémorizing facts, and using algorithmic
procedures is a critical stage‘in Fhildren‘s learning of mathematics in
general, and of prgblem-sol;ing skills in particuiar (Carpenter, 1981).
A key aspe;t'of the transition fr?m solving problems using informal

‘ procedures based ppon simple represeﬁtational skills to a formal ﬁathe—
matics approach is writing mathgmatiéal éymbsls to represent the problem

and its components. The skill of symbolic representation is one of the .

.

major objectives of elementary school instruction. Writing mathematical

~ 1N
.

1v
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expressions to represent a problem situation is a skill fundamental to

problem, solving from elementary arithmetic to advapnced mathematics. The
association of real world problems with abstract mathematical representa-
tions takes place in many areas of mathematics; addition and subtraction,

mulziplication, rational numbev, geometric congruence, and similarity

.
-

are several examples that can be cited.

At the time children are first introduced to writing mathematical

.

sentences to help solve word prdb}ems, their informal strategies and

<r -
pyocéﬂures make more sense to them. ASs a consequence, they see no con-
nection between the two activities, although most children eventually -

. . S
learn to write number sentences to represent simple problems and are

able to solve the problems using their informal modeling and counting

~ .

sfrategies. The operations represented by the number sentences are often

inconsistent with the modeling and counting strategies used to solve the

problem. Writing a number sentence is sohething that young children do

+

for the teacher, something they often perceive as unrelated to the solu-

’ L

tion of the problem. This is not surprigﬁhg. The children already Enow
how td model the problem physically: Until they hgve memo;ized the basic
facts and learned computational algorithmg, yriting a number sentence does
1 . not help them solve the problem.
In a study investigating.the effects of initial instruction on the
\processés children used, to solve basic addition and subtraction verbal

\
problems, Carpenter, Moser, and Hiebert (1981) counsidered .the role of

writing number sentences in the solution process. Prior to instruction

»

ERIC r
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43 first~-grade children were individually tested on a variety of addi-~
tion and subtraction word probiems. After a two-month introduchry unit
on addition and subtraction, the children were retested. On the posttest

wost children could write number sentences to represent addition and sub-

traction problems. However, very few recognized that the arithmetic
; ) S

sentence was a mechanism that they might use to help them aolve the
problem. Once they.had written a sentence, mest childéen appeared to
¥

ignore it and used the semantic structure to decide on a solution strategy.

]
\

t .In fact, in spite of instructions to the contrary, about a fourth of the
) w .
subje’cts solved a problem before writing a sentence. When children wrote
: 4 N
an incorrect sentence but computed the correct answer, they would of ten

complete the open sentence with their answer. The fact that sentence
writing did not influence cifildren's solution protesses suggests a lack

of coordination by the children between the two processes.’

.

¢

: Description of the Computer Program ’ ”J,ﬂ’

Overview

We have developed a program that allows children to use a micro-

t

computer rather than physical objects to solve word problems. Children

initially are taught to use the microcomputer to solve simple word prob-

lems using essentially the same processes that they use with physical
f '
objects. They produce sets of objects one at a time by pushing theEEB
. key. They can make one ’'set, or make two sets, or remove elements from .

a set they have constructed. ~“The objéﬁtives of these initial activities
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.

‘are to familiarize children with, the microcomputer and make the transition
from using physical ijects to using the video display.:

* The connection.between the informgl modeting processes and the formal
mathematicalisymbolic represenﬁations is.made by teaching the children -

that they do not have to donstruct sets on the microcomputer one element

~

at a time; they can construct them by writing number sentences. To

»

- <
solve an addition problem, they enter an addition sentence like 8 + 5 =.

As well as the number sentence, this actually produces a set of 8 and a

set of 5, just as the child would using physical objects or the arréw key

2

on the computer. Entering a subtraction sentence 13 - 8 =[:] produces “a
set of 13 and then removes 8 elements to another portion of the screéen.

sStudents also learn to write open addition sentences to represent and to

-
.

solve certain kinds of word prqblems._ Since the number sentence that the

childrer enter actually actually constructs the pictoriél representation

that they can use to solve the problem, writing the number sentence be-

comes part of the solution process not an unrelated activity. Figure 1

illustrates the video di§play resulting frpm entry »f Lhe senteﬁcc

7+ 28 =[]. ‘ ~

I

Details of the Program

The major feature of the computer program is the ability to enter

onto the video dlsplay p_ctorlal and symbollc configurations by depnessing

appropriate keys on the keyboard. The video display is arranged in three
adjacent sectors which can.be thought of as corresponding.to the elements

of the number sentence a + b = ¢ or a = b = ¢. Entry of configurations

3

15




EREEN ‘ogoaaao
N oooaoao

oooooJ
Oooood

ODoooo
ooQ

Figure 1. Video screen dis;lalay after entry of 7 + 28.= (0. U
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into a particular sector is denoted by a small arrow, with the head point-

ing upward for sectors a and b, and the head pointing downward for! scctor

Pictorial configurations can be entered only in sectors a and b, and they

.

apbear in the upper two—thirds of the segtor. The bottom one-third is re-
served for*symbolic entries. On initial use of the gfoéram, or after.
clearing thehvideo display, the indicator.arrow for entry of pictorial or
sy@bolic confiéurations auﬂbm;tically returns, to the a. sector. Movemenf
to the b or & sector is pgﬁr}ed out by several means described later:

Once movement\%P the right on the display is made, éhat is from a ta b

or from b to ¢, movement to. the left is impossible. One has to begin

anew in sector a, either by rebootimng the entire program or more simply

by depressing the E§C(ape) key. In either case, the entirgivideo display

4 D

"1Is cleared of al; configurations.

The computer program used in the‘study was written in Apple Pascal
using the Pascal ANIMATION fackage from Apple Special Delivery software
to help create a large character set and handle some of the display
tasks. It requires a 48K Apple II+ with an extrarl6K RAM card’in slot ¢:
for operation, and a color monitor.

The program consists of two texts files, BOXZS1.TEXT and BOXES2.TEXT.
Two’special libréries, ANIMATION and CRTSTUF?, are included in the system
library. ANIMATION comes with the Pascal ANIMATIbN Package and CRTSTUFF
is a sbecial library of CRE handling routines. The system disk also con—-
tains éhe large character font, ﬁOXES.FONT, which is four times the size

_of‘nsrmal Apple characters. A listing of the program is contained in

Appendix A.
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Pictorial configuration. The pictorial cgnfigurations consisted of

Y

AY

sm;ll squares arranged in a pattern resembling the TILE configurations
used in Japanege elementa*y mathematics education (Hatano, 1982). Squares
appeg;.iﬁ hoiizontal rows of at most” five elements with twice as. much ver-
tical spacing between the second and ghird and betweén thé fourth and .
fif;£ rows as setween the first and cecond, third and:fburth, and fifth
and sixth rows. This visual emphgsis of groups of ten was designe& to
make. counting the squares. easier for children whe rézognized the con-
f‘guF;l patterns. Spaée limitatzzhs on the video display and the desire
to ma#e the squares large enough that children could visually discgiminate

among the squares allowec a maximum of 30 squares for each of sectors a

and b. Squares in sector a were blue, while those of sector b were

green. ) . . ' \{

'Ent:ry of pictorial configurations is made in two different ways.
The first method provides for a. one-by—one i_ncreu.lent:al entry of squares
by means of successive depressions of the key. Accompanying this

[ —y

entry of squares is the display of.‘t:he cofresponding number in the lowest
t:hir‘d of the sector.  One has the option of omitting the \concurrent: dis-
play of t:h:; numeral, Removal of one‘}[r more squares from a configuration
in a sector is carried out by depression of t:he key. Before entry,
the symbolic display is.empty, and the numbers 1, 2, 3, etc. appear as !
the ch;.ld depresses the key. Once this has been doné and the child

elects to remove the entered squares by depressing tbe key, the

numeral’s go down in order. If all are removed the numeral "O" 1s dis-

2. ™

.
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— . » .
attempted removal of more squares than are present causes the "beep" once

5t - : .

- -

N

played. As mentioned above, the maximum number of squares that can be .

entered in a sector is 30. If the child attempts to enter more than 30

by continued depression of the key, a "beep" is heard. Similarly,

zero has been reached. EBitially rh; arrow is im sector @ and squéres
are addetho thagvsector. To add squares to sec&or b, the space bar is
depressed. This causes the arrow to move to sector b and any subsequent,
operat ions on the or keys result in squares being added to or
removed from sqgtor b. )

The second methodlof producing pié;orial configuratioﬁs is by the
depression of aumeral keys in the upper row of the computer keyboard. 1If
a two-digit number, such- as 14, is entered by successive depressions ;f
.the "1" and "4" keys, then the corresponding number- of squares is auto-
matically produced in the desired séctor, the squares appearing rapidly
in one-by-one succe;sion. If a one-digit number 1is chosen, then the
visual, display i; not produced until the child "informs" the computer

that the ‘digit depressed is the number of sqyares desired and not the

ten's digit of a two-digit number. Means ava\lable for transmitting

this'information are dépression of any of the following: Spaée bar,'+,

-, RETURN, or in the instance where the configuration is desired id the !
b sector,, the = sién. A configuration entered with numeral keys can be
subsequentiy incremented and decremented by depressing theE;_] and

keys, respectively.

The representation of a take-away action is brought into play by

initially producing a configuration in sector a by either of the

23
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| two means’describad above. It is activated by the depression of the -
key which produces a small arrow pointing Iin the right hand direction.

The arrow is located in the lower one-third of the video displa;r midway

- r . “
between sector a and segtor b. 1f simultaneous display of numerals with the

configuration of squares is called for, then the right-pointing arrow

also hagga minus sign below it: if no numeral prodbction is called for, -

then the minus sign does not .appear. In either case, this feature <’:?uses

squares from sector a to be moved to séctor b. Oncc; the - key has bJ:aen

depressed, the movement can be efiected on a onerby-one basis by succes-~
- B

sive depressions of 'the key, or on an automatic, rapid one-by-one

/ basis by depression of numeral keys. The same procedures for two-:and

one-digit numbers described above operate here. Corrections or adjust-~
ments to the size of the configuration in sectox b can be made by depres-
sion of either the key, in which case another square will be moved

from' sector @ to sector b, or the. key, in which a square will be re-

turned back to sector a from sector b.
When the concurrent display of numerals below the configurations
. : '

.« of squares is called for, the numeral below the configuration of sector a

remains constant, that being the number of squares in the initial con-

v
I figuration. The numeral below the configuration of squares in sector b
. varie‘? depending on how many squares are present there. Thus, the ap-

propriate subtraction number sentence will be displayed. If some set -

of squares has been removed from the sector a to sector b+and then later .

)

returned by means of the key, the numeral O will ap%)ear in sector b .

when all squares have been returned. Attempts to move more Squares from

N \
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tion in sector @ had 12 squares and the child then depressed "- 13," the
computer would react with a ﬁbeep."

Symbol{é configurations. The standard mathematical symbols for

-humbers; operaiions (+ or'qge equality (=5, and an unknown quantity q:])
can bz produced bnly if the initial @enu selection ca&fs for such produc-
tion. These symbols.appear in white in the lower one-third of the video

_display. The program calls for the production of only numerals ir sectors
a,,b, and/or ¢, or of a complete number sentence that is essentially
correct in fprm. Incomplete senténces such as 5 + 7 [j or 5 7 ='[]
would not appear. Sentences that are impossible to solve within the
domain oé whole numgers such as 13 - 15 =‘:] er 9 + [:]= 3 would also\
not be accepted by the computer . :

Numerals can be generated i;hediatelf upon depressibh of ‘appropriate
ngmeral keys on the keyboard, with numbers in sectors a and 'b‘being re-
stricted to 30 or less. Production of a numeral up to 60 in sector ¢ can
‘be parried out only by depressién of nuileral keys on the keyboard. Pic-
torial configurations are not produced in sector C.

Mathe@ahical senrences of the forma + b = ¢ or « -~ b = ¢ _may be,
entered in. the computer. The sentences may be closed,‘in that a number
stands in the place of a, b, and e, or open in that a[:]to repre;ent a

missing number may stand in the place of a, b; or ¢. 'An a priori deci-

R

, .
sion was made to not allow the mondanonical subtraction sentences

(J-b=cora -] =e.

one sector to another, in either direction, than is possible to move, will -

result in production of the "beep." For example, if the original configura-
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1

do . .
The missing ‘number box q:]) is entered by the depression of SHIFT.

'gthe~en€%y of = and + also require prior depression of the SHIFT key.)

In practice, the child "writes" a complete -mathematical sentence by

choosing a numeral for position a, then depressing the *+ or - key, which
causes the pictorial configuration inipector a to appear if it is not
already there by reason'of representing a two-digit nimber. It also causes

the upward-pointing indicator arrow t: move to sector b. At that time

v

the + or - symbol is also displayed on the screen. If the - symbol is

chosen, the right-pointing arrow is also shown above the symbol. Next,

L 4

the numeral for the b position is dépressed followed by =, which causes
the pictorial configuration in sector b to appear subject to conditio;s
described in earlier paragraphs. This also produces the appearance of

the = symbol in its proper position in the sentence as well as the move-

ment of the downward pointing arrow to sector ¢. At this point the c¢hild

-
may either enter a third numeral, or, if not entered in another position
in the sentence, the [grto represent an unknown. The computer will accept
/

o

computationally incorfrect sentences such as S + 3 = 9 without interacting

—
-

with the student: The[:] may be entered-only in the ¢ posihion for sub-
traction sentences, and in . y one of the three positions—-a, b, or c—-
for addition sentences. If the [] is entered in any position and the

indicator arrow has not been moved to a different sector, the [:]may be

.overridden by entry of a numeral. If the [:[is entered in the a or b

position and :the indicator arrow is moved to another sector, no display (
of a pictorial configuration is produced above the E]. Only one[:] per

sentence may be entered.
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Provision is made for the child to correct an incorrect entry at any
N .

time in the production of a sentence. By, depressing the X key, the most
recent entry is removed and that portion of the video c}isplay is cleared.

N In the case where the error is made in the entry of a numeral in the b

. -

R position after the - key has been depressed, all the squares that had

been moved from sector a to sector ! are returned to sector a, with the

[

- dymbol remaining.

The Teaching Experiment 5l

Following development of the computer program, a teaching experiment g =
was carried out. The experiment was carried out in order to (a) validate e
the physical and conceptt;al features of the microcomputer program,(b) study
in some detail.the development of sentence writing ability, {c) develop P
and validate procedures of instruction related to use of the specific com-

program and the r\elated instructional procedures in linking the informal

=
puter program developed, and (d) evaluate the effectiveness of the computer . Eé

. solution strategies of young children and the formal symbolism of mathe- _ L &

Pt
matics. . =

Subjects for the teaching exberiment were selected from a group cf

+ first-grade children by applying selection criteria described below. 4 B
\ geries of liessons were tauglit to four selected subiects on an individual ) |
. basis by one of the two experimenters in the presence of a second adult ) E
R observer. Following instruction, a brief individually administered problem- ——
i
J e

solving interview was given to each subject. The experiment and the post-

Aruntoxt provided by Eic MR -
—_———— e

—

} . |
3 ; |
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testing were carried out during a period of approximately five weeks in
April and May 1982. |

Subjects. The subjects fpr the study were selected from the two
first-grade classes in a parochial school serving a middle-class neigh-
békhood in‘Madison, Wisconsin. The teaéhe;s recbmmeﬁded 11 éhildren who

.were in cthe middle range of ability for their classes and were reasonably

good at explaining their ideas. Individual interviews were conducted

with these 11 chil?ren requiring them to solve a variety of addition and
subtraction veibal problems and to perform some counting tasks. The set

of screening tasks is given in Table 1. For the firsc nine verbal problems,
a set of plastic cubes was available for the child to use.: For problems

7, %, and 9, éaper and pencil were also provided, with the direction to
write a number sentence ﬁrio: to solving. Problems 10 and 11 were designed
to assgocss uhethgr chilgren couid use counting;on procedures. Cubes were

not provided for these problems.

w”

The individual interviews were conducted in mid-April. Attention
¥

was given to a child's ability to express him/herself and give ciear ex-

ptanations of procedures used .to solve probiems as well as to the actual
. proéesses used to solve the given problem. Selected subjects did not use

memorized number facts,.generally employed direct modeling procedures,

demonstrated the ability to count forward from a beginning number =1

than "one," asd were unable to write appropriate numher sentences for
o )

robleme 8 and 9. As'a result of the screening, two white male subjects,
P g

S Jack ana Roger, and two white female subjects, lelen and Kathy, were -
i [}

- \ =4

. chosen to participate . n the teaching experiment. Their success on the

— Q o
ERI : ' ' =
Pries oo . o I ! . : - c r— T




. Table 1

Subject Screening Tasks

. W
l“‘

Ton v N . T
SN ' Verbal Problems
. "\ . s g R N
‘ (" . . l,'»‘ . ’
Join ;o 6. Join, missing addend

ggpg%an had 6 books. His friend gave

o @ﬁ§£9 more books. How many hooks
.- ~43d Norman have altogether?
- —no\.‘f—
e S ,
., Separate
_ At ]

13 buttdns. She géC:.9 7-

v _ - vy ”
Evelyn. How many.buttons

" Jeanne has
buttons to

did Jeanne have iefi? (
Compare ,
Robert has 3 marbles. Dorothy has 3
8 more marbles than Robert. How S
many marbles does Dorothv have?
Separate, missing hinuend
There were some birds sitting on a 9
wire. Tour of the birds flew away. )
Then there were 7 viius ieft. How
many birds were thers sitting on
the wire before any flew away?
Compare

1a.

)
Ellen has 7 halloween candies. Her -
friend Gruvg has 12 halloween candies.
Yow many more candiec does {reg have

Greg
LI PPN
than Fllen?

Robert has 8 pet fish in his tank.
How many more fish does he have to
‘put in the tank so there will be
14 fish altogether?

3

Separate

There were 11 strawberries growing
on a bush. Alex picked 8 of them.
How many berries were left growing
on the bush?

Join, missing addend

Kathy has 9 stamps. How many mare
stamps does she have .to pui with
them o have 15 stamps aitogether:

-
o

Comparsa

Joe won 9 prizes at the fair. iis
sister Connie won 13 prizes at the
fair. How many more prizeg did
Connie win than Joe?

Join, missing addend

Ralph has 7 marbles. How many more
marbles does he have to put with
them to have 11 marbles altogether?

Counting Tasks

— e —

-

a) Can you count forward, starting at 15 and ending at 20?

[Say:
) 8, 9,:10, 11, 12, 13.")

"I am going to start counting at 8 and count up

5 more numbers:

b) Can you start at & and count on three more nimbers?

¢

c) Can you start at 9 and count up six more -numbers?
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screening tasks is shown.in Table 2, where favorable results on the initial

nine verbal-problem tasks reflect their choice of an appropriate solution

strategy, even if execution of that strategy may have included a counting

or computational error.
Lessons. A series of nine 20- to 30-minute individual lessons were

dévelopeq. Since the primary concern of the project was the study of

. <

symbolic representations of .verbal ﬁroblems, each lesson was designed to

¢

have as one of its components the opportunity ta solve a variety of

L

verbal problems.

\
A great deal of flexibility was employed during the lessons, depend-

ing upon individual differences and day~to-day variations in a child's

& ~

" ability to attend to the learnipg tasks. Thus, for an individual'child,

the aims of a particular lesson may have been completed either earlier

or later than planned.
v

lLesson 1. The lesson started with a general introduction to the com~

*

' puter, igciuding how to turn it on, load the program, and select from the
) s
menu. For this lessén, no symhols were shown in the bottom one-third of
‘the video display. Children learned the function of the s B s s
ESC{ape) keys, and the‘space bar. children were.asked to count the number
of squares displayed iﬁ~eitpe£ sector a or b of the screen or‘in both.
fSome simple verbal problegs'were presenﬁed and the child Qas asked to use
the computer and its~display of squarés‘t; help solve the problems.

Lésson 2. Again, no symbols were displayed. The general aim was a

review of material from the previous lesson. Numbers in the high teens

)

K
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. Table 2
Results on Pre-Instruct&on Screéning Tasks -
?ubjects
Task Jack Rogex Helen Kathy Total

1. Join ' . T + + + + 4
2. Separate ' ? . + - + + + 4
3. Compare ' ¥ + - ' - 2
4.' Separate, misging'minuend + + + + 4
5. Compare | . + + + + A
6. Join, missing addend + + + + 4
7. Separate: . . solve o+ + . + + 4
write sentence + + + + 4

8. Join, m;ssing addend: solv; + + + + 4 i
write sentence - .- - - 0
9. Compare: soive, + + ¢+ + 4
' " . write sentence - - - - 0
10. Join, missing addend + + T 3
1la. Count forward, 15 to.20 ) + + NA + 3
11b. Count on 3 from 6 B + + NA + 3
1llc. Cognt on 6 from 9 . + - NA + 2

Note: Wording of tasks is given in Table 1. + indicates the use of an
appropriate procedure; -, an inappropriate procedure. ,
-¥Not administered.

QO
sy
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and twenties) were introdiced and a greater variety of word problem types
were used, with an emphasis’ on the Join, missing addend problem.,

Lesson 3. The major point of this lesson was the introduction of .
the numerical symbols in the video &isplay, which were used for all re-
maining lessons. Initially, sets of squares (and the accompanying numerals)

were generited and manipulated by , ’ , and - keys and the space bar.

hd [

Later in thé lesson, the generation of sets of squares’b§ simply depressing
the numeral keys in gpe upper row of the computer geyboard was'presgnted.
Lesson 4. Much of the lesson was devoted to review of the work of
the previ;us lesson. The latter portion of the lesson included the in;l
troduction of_the + and = syﬂbois.' Both required showing the child how
_to use the SHIFT key first. : -

.

Lesson 5. Writing a complete, closed sentence was the objective of ’
this lessop. As in all previous lessons, a sampling of the variety of

types of verbal problems was included. There was nothing very new in
h Y

this lesson, although the child received suggestions tc seek efficient R

?

ways of counting thg displays of squarés representing the solution.

Lesson 6. This lesson aimed to continue the practice of skills learned
in earlier lessons. Numbers in the late teens and twenties were ;seﬁ for
a variety of word problems.

Lesson 7. In this lesson, writing of open sentences was taught as

the child learned how to enter the [:]in the, sentence. For the most part,

ﬁroblems resulting in canonical addition and subtraction sentences were

used. Some noncanonical situations were used.
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Lesson 8. This was essentially’a review and consolidation of pre-

viously learned skills, with tﬁe emphasis on using the [] in the open

| ’ sentence to represent the unknown. A variety of -problem situations were
r H :

used including a number of non-canonical ones.

"Lesson 9."This final lesson was again a review and consolidation
of previous lassons.

The le;sons were conducted on an individual basis by one of the two
bfinc;p;l investigators. With the exception of oﬂe iess;n with one ch;ld,

-

all lessons were obsefved by a second person who acted as recorder of the
lesson. - The average lesson took approximately 20 minutes. For the
earlier lessons, several.days intervened between lessons whereas during N

’ the latter portion of the experiment, lessons occurrad on an almost daily

basis. Lesson dates are given in Table 3 for all four children.

Problem-§dlving Interviews .

Cr On'the day following the last lesson, a folloy—up interview was con-
ducted with ghe four students as a posttest. Six problem taské were pre-
sented with tﬁe cumputer availabie to assist in sentence wfiting and
solution. An additional six pr;blems with the same semantic structure

. g; the'first six wére given with paper/pencil and physical manipulative
| quect; to help with sentence wrifing and solution. 'The order of pre;én—
tapion was balanced. Two children receiyea tﬁq computer tasks first and

i

paper/pepcil tasks second and the two other children received the tasks in

N

P

reverse order. Two of the children used the computer with Set 1, and two

used the computer with Set 2. The 12 verbal problems are listed iﬂ Table 4.

»
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Table 3
Timing of Individual Lessons
* Lesson \
Subjects 1 2 3\ 4 5 6 7 /8 9
S " 7
Jack 4/29  5/11  5/12  5/16  5/17  5/19  5/20 /5/21 5/25
Roger 4/29 5/3  5/11 5/ S5/17  S5/18  5/26 (5/21  5/2
Helen 4728 5/3 5/12 5/16 5/17 5/19 _~"5/20 .5/21 5/25
Kathy 4/28 5/4 5/13 /514 5/17 5/1@ 5/20 5/21 5/25
| | 7
\
™ N
J
~ -
&
\\ 3‘1
\
Al \\ .
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X

Sentence Writing Posttest Tasks

Task Set 2

Task Set 1
. - v
1. Separate - 1. Compare’
James had 15 peanuts. He fed 7 of Ellen has 7 halloween candies. Her
them to a monkey. How many peanuts friend Greg has 12 halloween candies,
did\James have left? ’ ) How many more candies does Greg have
- than Ellen?’
2, Compare
Amy 'won 8 prizes at the fair. Her 2. J?in, missing addend
brother Todd won 13 prizes at the Robert has 8 pet fish in his tank.
fair. How many more prizes did Todd How many more fish does he have to
win than Amy? put in the tank so there will be 14
fish altogether?
Join !
¥red had 4 flowers. "Then he picked 3. Separate . ;
7 more flowers. How many flowers Jeanne had 13 buttons.: She gave 9
did'Fred have altogether? buttons to Evelyn.' How many buttons
. did Jeanne have left?
Separate, missing minuend - '
. 4. Join
Charles had some marbles. He lost . .
5 of them while playing a game. Norman had 6 books. His friend gave
Then he had 7 marbles left. How him 9 more books. How many books
many marbles did Charles have ' did Norman have altogether?
before the game? T
” 5. Combine, missing part
401n, missing addend T e - There are 19 children in the class.
Tony has 8 toy cars. How many more Twelve. of them are girls and the
toy cars does he have to buy t rest are boys. How many boys are
have 12 cars altogether? . in the class.
Combine, missing part 6. Separste, missing minuend -
There are 16 dogs in the park. There were» some birds sitting on a )
Eleven of them are big and the rest wire. Four of the birds flew away.
are little. How many little dogs Then there were 7 birds left. How
are in the park? many birds were sitting on the wire
before any flew away?
Note. Tasks are listed in the order presented to subjects. - -

I'd

33 ' :
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" Individual Student Results .

b

This section contains brief anecdotal reports for .each of the four
subjects. Collective results on the posttest follow those reports. Over-

all conclusions are presented in the following section.

Jack ¢

. At the beginning of the school year, Jack had been placed in the : }

P

"better" of the.two mathematics classes of first-grade pupils. On the l
screening tasks, he used a Counting On from'iarger st:at%gy.\‘ﬂowevef,

when given less familiar.proglems, Jack ;eéorted to use of direct modeling
strategies that call for use of physical objects. . His choice of strate- 1
gles gemonsfrated that he understood the structure of all problems except 4

the standard Compare problem. ) : ‘

The initial‘lesson presentéd little or no difficulty to Jack; although,

as might be expected with children of his age, he demonstrated complete -
unfmniliarity'with the computer keyboard. He did not make u;e of the.
- patterned‘TILE configurations of'the squares shown on the@vide; display to’
quickly ascertain the numerosity of the disﬁlay. In fact, he tehded to ’
visually scan the display vertically rather than in a‘horizontal fashion ,
as might be suggested by the -arrangement of the sSquares. Becéuse of the

relatively long period of time between the first and second lesson, Jack

required extensive review of the computer procedures in the second lesson.

Howeveﬁ, the larger numbers used in-the problems had no deleterious effect—

on his ability to solve the problems posed. When shown how to enter the

“displays using numeral keys rather than the key, Jack's _g:ipressive face

\‘1 . » . ‘ I3 -'.
C . | . 30
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registered a large measure of both interest and delight. Midway through
the teaching sequence, Jack seemed to‘be feel;ng more at ease anJ-wa;
catching on to the spatial confighration of the displayed squares and wasr
using quick procedures for counting by 5s and 10s, as weil as more counting
on. ’

_Nhen complete sentence writing was taught, Jack mastered the techni-
que despite some slight d;fficulty with it at first and occasional errors
during the lessomns. AcELally? the sporadic difficulties evidericed were
duesmore to a misunderstanding of the proble@ structure than to lack of

-

the‘skill of entering the symbols in the correct sequence on the machine.
\Sack was like the other three subjects in that he had absolutely no
trouble understanding the néed for the SHIFT key for certaié entries.
Physically, he carried out’ the execution‘of the SHIFT key and the next key
depressionby using two différent fingers of the same hand rathier than one
hand for SHIFT and the other hand for the desired key.

‘Jack accepted very readily the use of the [:]to'represent the unknown
number of the pfoblem in the open sentence being written: This same nota-
tion was being taught during regular classroom instruction for 'canonical
sentences (@ + b =[:]; a-b =i:]).' When presented with verbal problems
other than the canonic21 Join and Separate ones, Jack wrote appro%riate
open sentences Lo model those problems thaé*reflected the seméht;c struc-
ture of the problems §nd ﬁot a transformed canonical sentence. " For®
example, for a Join, missing addend problem, Jack entered a sentence
such as 3 + [] = 14. The computer program generated for this teacéing

experiment does not give a visual display thaf’mgkes'it easy to solve

37
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such a sentence. However, Jack was able tc solve most sentences of this
type using methods such as tounting on with the aid of fingers. 1In

summary, Jack appeared to have learned without greaﬁ difficulty the par-

_ ticular skills embodied in the teaching experiment. The mechanical

features of keyboard entry as well as certaip limitations of the computer
program in terms of number si;e and noncanonical subtracticn open-sentence
gave him .no problenm.

On the posttest Jack performied very well. On the tasks to be per-
formed without the computer, he was able to use papér and pencil to
write correct sentences for all six tasks. For the Compare problem he
w;ote a separating sentende (13 = § =[:]) and used a separation solution
stratégy. For the other five problems, sentences reflected the semantic °
structure. His performance on the noné;;onical problems ?nd sentences,
for which little or no formal instruction had bee; given, was especially
interesting. For the Separate, missing minuend problem, Jack wrote
[:}- 5 = 7. After thinking awhilef and referring back to the sentence
he had written, chk fina%l& employed a trial and error strategy to solve
the problem. This strategy is consistent with the semantic structure of
the problem and the number sentence. Jack took much more time to solve
thése problems after instguction than he had.on the screening t;sks. He

2

tended to resort to complete modeling more at this time, even on problems
he had solved ;ith a more advanced counting strategy prior to inst;ﬁction.

On the six tasks for which.he was allowed to use the computer, Jack

also did well. Again, on the Separate, missiné minyend problem, he
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4ried to enter in the computer a sentence of ‘the same form as shown above.

Since the gomputer progfram would not accept such a sentence, Jack was
- &

thwarted from writing a complete open sentence. Yet, based on the partial

sentence he had written, Jack again used a trial and error strategy, using

counting skills and €ingers.

Roger° .
In general, Roger exhibited highly agitated behavior, rarely' sitting

| stili. He had difficulty acttending to a task, often needing to be called

back to attention.. On the other hand, Ray at times showed examples of

£ TP

j,extremely keen insight into problems And their solutions. He was‘very
friendly and outgoing, obviously enjoying his perceived good fortune at
being selected for participation in the experiment.

On the screening tasks, koger demoﬂgtratei his ability to comprehend
the semantic structure of the various problems presented by choosing
appropriate strategies for solution. He tended to select direct modeling
strategies that mirrored the structure. However, he s;ffered from care-
less behavior and often miscounted the model sets he had constructed. He
showed the ability to count forward from a number other than '"one" but
made one careless error.

Essentially, Roger did not have any difficulty with the mechanics
‘of using the computer. Beéause of his tendency to let his attention

wander, a greater amount of repetition was required for him than for the
-

s N

other subjects. However, his choice of moaeling behavidrs with«the

)

Y . )
computer showed that he had no difficulty with the semantic structure of

/ . . -~
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the problems presented. During the lessons when the numerical and opera-

tional symbols were introduced, Ray evidenced an upsurge in interest and

.

'\ ability to pay attention. His tendency to miscount, shown in the screen-

¢ N

ing tasks and in earlier lessons, disappeared during this brief period of
time. lThe problem types ﬁere the easier, on?33 perhaps accounting for™
this imp;erment in pérformance. In subse;uent lessons, Roger's behavior
reverted to periods of outstanding insights to problems mixed with other
) per;ods of iﬁgttention. Wh%n presented with nonroutine verbal prob}ems‘
of a noncanonical structure, Roger took ﬁore time in solvigg these prob-
lems, very often subjecting them to a semdntic anal&sis based very clearly
) upon the "instruction he was receiving in class.
The use of the SHIFT key to enter +, =, and the[:] was a.relatively
easy matter for Roger. Curiously, however, he did not seem to reaiize
- that the numerical keys in Fhe topmost/row of.the keyboarﬂ are in humeri-

cal order. Rather, he often engaged in what appeared to be a random

search. . . ) T .

On the postteét, Roger gave clear evidence of accepting the idea of
writing é number sentence gp represent a problem before attemptding to
solve it. When verbal probléms were posed to be solbed without the com-

‘ puter, Roger always first wrote a sentence and then tried to solve it
using the cubes proyided. As in previous instaﬂces, Roger made several
mistakes in counting both with the computer and without it. By and la§ge;

\

the sentences he wrote were canonical ones with the exception of the Join,

3

missing addend problem. On the computer he entered the sentence 8 + [:l= 14. ‘

To salve this sentence, he counted on from 8 to 14. As his device for .

\
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keeping track of the number of counting words he uttered, he used Lne
keys QW E R T Y on the keyboard, f£irally counting those keys to get his

correct answer of 6.
B
For the missing addend p;oblem without the computer, he first wroiw

8§ + = ’ usi_fxé the space rather than the box to represent i:he unknown.
He solved the problem using dan adding on strategy. Then he said "Oh,
that's supposed to be take away." and changed the + to a -, and wrote his
answer in the space he had left. In other words, he initially wrore a

correct open sentence and solved the problem usirg 2 process that was

v

consistent with the sentence and the problem structure. In his regular
. Vs s

-

mathematics class, Roger had been taught to ardalvze word problems in tori.
of part-whole relationships and tg'write canonical subtraction sentences
A . . ’ s . A
t oy - . " P Ty {
when one of the pa?hs was missing. T It appeag{ that Roger recognized thar
I 4

the gpswer was -one of the parts and conclu&éé rhhat 2 subtraction sentence

was called fog.

a S

, - [~
* 1,

- 4 } ) - . ]
The one 'incorrect sentence Roger wrote was for the missing minuend

problem (Problém 4). He wrote "7 = 5 =[:]." Subsequently he attenaed to
his number séPtence rather than the problem, constructing a set of 7 and

removing 5. Thus, Ray appeared to attend to the number sentences and re-

garded them as something that he used in solving a word problem.

Helen

-to-—_—-— A

Helen gave very clear explanations of her strategies. On the screea-
[ 4

ing tasks, she was generally successful, missing only the noncanonical com-

parison problem number 3 (see Table 1). On almcst all problems, she used

|

=
=
=
E




advanced counting strategy of counting on, with her fingers setving

“:; as the tracking mechanism. However, on the two Separace probliems, she
ST used a simpler direct modeling strategy nsing the cubes provided to im-
— pienent the Separauing Fiom strategy. On the tiree sentence-writing tasks,

she managsd to write a coriect sentence only for Lhe canonical subtraction

[y

- problem. She Gid; nowever, determine the correct sclution for all tnree

Helen did extremely weil during the first lesson. She casught on

= errekly to the functions of the various keys ihai wer€ introduced to

f 4; ner. Her solurion by counting tne displayed objects cn tle vidoo monitor'

fi ‘W .ndicarad che was using the same counting on techmiques she used In the
sereening tasks, in the second lesson, Heien did nor do as well, perhaps

N Jue to the ifwct that larger numbers were involved in many of the problem

3223 ) siruacions given iv her. She was much more mothedd cal in‘her solution - .

;.;% wothod2, wnd tended To Gake more ceunting ewcove. Huritg the ;ev;:ul )

f;:f ‘ 1ersons when the aumericai cnd o 8r ; ional symbels were iutroduced, Helen

= Lerforead an a Tesy cagisliavescy Tevel. She learned how to uhate. ard

= the sywhois cerractly Lo get number sentences, although aluwost =atl

s imple canonical cituvations. When .hn[VJ wae intvo-

ol
ey
.
3
5]
¥
]
©
o
[«
re
[¢)
[4%
T
[+
1

cuded ro represent the missing number. Belen used nencanonical sentences

= to represenct differenc tyri. of problem situwations. During instruction,
o * ¢ chodce of sentence sad solution methed showed that Helen was strongly
= [wflnerce. by the semantic structure of the verbal probiems neing solved.
=

fhroaugh 211 the lessons, llelen clearly showed that the use of the computer
Layooard and the accumpenying videx display oresentel no real problems to
her, cither mechan*buiLj cr conceptually.

P 2 4‘«

. " N

+
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0 N "
use number sentencas tc!'sclve problems. For three of the problems without

’ 1.
L \ !
the, computer,; Helen sgIVed the problem befoie ohe wrote a number sentence.

N - ,

o . . . .

. i . . " ' i

p On the posttest, ‘r}?l&n was the one subject who did not consistently o .‘!
x .

¥cr tne wompare probilem wich, the computer, she enterad the incorrect sen- =

TN . I . Y & . 4
tence Y8 + 13 = 5," using the sete of 8 and 13 gencrated by the computer

for the #ldition sentence to solve the problem by ﬁatchipg.

2 In general Helen was influenced by the structure of the problem and

g ? . <
4 - . NP oo .
{ modeled the action or relationships described in the.problem. On three hd

of the six problems preserted without tha computer, she used tally marks,

- < s .

A strategy she had not used on the screening taskz or during imstruction.
. 't

<
.

Kathy turned out to be a very apt pupil. She displayed the ability
—
v, o .
to pay actention £0 the task at hand for sustaincd soricds ¢f time, even

when the problem(rﬁék preved initially difficult for her. Of the four

subjects, Kathy was the quickest to racognize the special spatial con-

.

rry

igurations of the squarcs con the video display. She used the configura-

tions to her advantage when cowiting the displays, rarely taking the time
£

to count all the objects shown. 5She would mentally move squares back ana

forth to make completed groupings of fives and tens which she would ’

.

then count as a complete tctality. For example, on a problem involving

. . the counting of 12 =squares in sector a and 19 squares in sectcr b, Kathy
N [4

aquickly gave the correct total of 31. Upou cuesiioning how she determined
-
the answer o rapiusy, Kathy rold of mentally mdviag one of the two lower

squares in the 12-configurarion over to the right side to make the 19 into

»
4
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- 4
a 20, whereupon she could éoﬁnt 10, 20, 30, and the one lone square left ' &

frgm the 127c6ﬁfiguration gg make the total of 31. This ability was ;om-
.bined with‘a\related problem-solving technique of using derived number
fagtg. For example, on the screening tasks, she responded that 13 - ¢
was "four' because 13 - 10 is 3 and since 9 is one less than 10, the
answer must be one .more, which is 4. On all the other screening tasés,
Kathy used direct modeling problem solving procedures, aithough she was
capable of more sophisticated counting procedurés.

-The content and skills in the initial lessons were rather easy for
Kathy. She'quickly learned the function and use of the specific keys and
then applied them to the solution of the verbal problems posed. Almost
;t once, she recognized the patéerned‘configuration of the disp;ayed
squares, as she easily determined the numerosity of particular sets of
squares. The larger numbers embodied in the ?roblems of the second lesson
did not faze her. This is not to igply that Kathy solved every problem
immediately and correctly. From time to time, she miscounted sets of
sbjects or incorrectly interpreted a verbal problem.

The lessons in which the numerical and operational symbqls were in-
troduced and pracéiced also went well. Kathy had little or no difficulty
with the mochanical and conceptual aspects of this portion of the experi-
ment. As before, she dsed‘thé special configurations to her advantage.
Writing open sentences with the[:] was a.skill that came easily to Kathy,

and she exhibited the natural tendency shown by the others to write literal

translations that reflected the semantic structure of the problems, rather

than always writing canonical sentences that are more easily solved. In
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. 4
later lessons when Kathy received more experience in solving verbal problems,

.

she became better at anal§zing‘and‘solving them, and when the number sizes
were small enough to be in.the "basic fact" domain, she very often opted
to sol* them quickly by means of direct fact recall or Aerived fact
strategies igther than take the'time to write a sentence with the computer.
On the pésttegt Kathy clearly listened to the probléms posed, analy;ed
them, and then wrote appropriaée open sentences for them, whether the com-
puter was available or not. When the computer was not available, Kathy
used cubes for all problems, and generally modeled the number sentences

she wrote. For the Compare problem, she wrote 12 - 7 = [:jand used a

separating strategy.

¥

Posttest Summary

‘ |

Sentence writin performance for the posttest is summarized in Table 5.

AN

. \ .
Three of the four e*perimental subjects consistently wrote appropriate

r

number sentences and solved the problems using sﬁ;;tegies that were con-

sistent with their number sentences. Although th ﬂﬁfurth subject did not

write number sentences for three of the problems solved without the com-
et
puter, only once did she write a number sentence that was inconsistent

with her solution strategy. . 2

.
)

This performance is in marked contrast to that on the screeﬁing

tasks (Table 2). Before the experimental unit, noné of the four sub-
jects wrote correct sentences fbr the Compare or Join, missing addend

problems (screening tasks 8 and 9). They consistently ignored their in-

correct séntences and directly modeled the action or relationship in the

(. r .~
: 49 ‘
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Table 5

Sentence-Writing Performance on Posttest

.
S

. Number of Correct Sentences'
. Written Before Solving
(Maximum = 4)

Problem Type With Computer Without Computer’

Change/Join ) .' : 4 ’ A ' *
Change/Separate - \ o 4 4 ' ’
Compafison . . ‘3 ' +t 3

Combine, missing part T4 4

‘Change/Join, missing addend T4 32

éhange/Separate, missing minuend | . 3 3 ' /

=
/

Note. Wording of tasks is given in Table 4.

30ne child initially wrote a correct sentence but changed it after solv-
ing the problem. } v
» * N ‘

[
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L

prébfgm. On the pobttesp,igprée of the four subjects wrote correct
nuember sentences for the compare problems and solved the problems using

a strategy that modeled their number sentence rather than the structure

of the problem. The same three children also wrote correct noncanonical

N [

opén sentences for the missieg addend problem, although one of them sub-

N s

sequently altered his correct sentence. They were even generally suc-

" cessful in writing, correct sentences for the missing minuend problenm,

‘ on which almost no instruction was given. ¢

Al n

General Conclusions

.

v The major objective of the instructional program tested in this ,

pilot study was to teach first-grade children to represent and solve a

-

variety of addition and subtraction word problems. Instruction was de- N

signed to help children understand the connection between the informal
strategies that they naturally invent to %olve word probiéms and thg
number sentences that they are taught-to write to represent them: The
- results of this initial piloé study strongly support the conclusion that
an {hstructional program based on priﬁcipies underlying the pilot study
would be effective in teaching represenfational and formal problem- ‘

1 . solQing'skills for solviné addition and subtraction word pyoblems.

. 1

* Prior to instruction, all of the four experimental subjects wrote

inappropriate number sentences’for all but the most straightforward

addition and Subtractiongproblems: Furthermore, they generally viewed

[

the number sentences as unrelated to their solution processes and ignored

the sentences they wrote when solving the problem, arriving at a solution

4

e

( v
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by directly modeling the action ‘or relationships described in the prob-

lem.

Following instruction all four subjects could write number sentences

. to represent most problem situations and successfully Used this ability

~

to solve a variety of'proﬂlems using the combuéer. Three of the four sub-

N *
jects transferred this ability to problems without the computer. : To
solve a simple word problem, they would first write a number sentence
and then use a solutioﬁ process that modeled the number sentence not the - il

structure .of the problem. : a

One of the factors that significaﬁtly facilitated children's ability

" to }epresent and solve certain wordgproblems was instruction on writing

noncandniéal open sentences (e.g., 5 + [] = 13 and E:]+;5 = 13). These

sentences allow children’to write number sentences that are consistent

with the semantic structure of missing addend problems. It has been
clearly documented that young children solve missing addeénd problems usiné

an adding on or counting up process which is most closely represented by

an open sentence of the form a + [:]= b (Carpenter & Moser, 1982; in press).

Blume (1981) has demonstrated that children solve these open sentences

-~
)

using the same adding on and counting up procedures that they use to
solve missing addend word problems. This body of research strongly sug-- o
gests that initial instruction on addition and subtraction should include 1
i LS

noncanonical sentences. The results of the pilot study strongly support

this conclusion.

During anq following instruction; all four subjects consistently

wrote noncanoni£a1 sentences to represent missing addend word problems.

r




..

In fgct, they also wrote sentences like []-4-=
minuend proélams (see Table 4), even though they
struction in this tyée\of number sentence.

. The improvement in representational ;kills,
a fukction of learning about’nonéanonicalxnumber

struction, the children were also generally more

appropriate canonical sentences for a variety of

sentences as a basis for solving problems. This

~
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7 to represent missing
received very little in-
&
however, was not totally

A\ .'
sentences. Following in-
consisterit in writing
problems and using these -.

improvement is most con-

; . spicuous for the compare problems. On the screening tasks all four children

subtraction sentence which served as a basis for

.

wrote an ingorrect number sentence which they promptly ;gnored in solving

the problem. On the posttest, three of the fcur wrote a correct canonical

solving the problem.

Students' performance during the lessons also supports the conclu-
sionn that the instruction was successful in developing representational
skills and helping the children understand the relationship between their

informal strategies and thé formal mathematical representaticné. thildren

-

quickly grasped the concepts presenté&d to them and were almost immediately
ableg to use them to solve problems. Although some‘problem§ were occasioh-

ally difficult for then, children were almost never totaliy confused or

'

ready to give up. They genuineiy seemed to understgnd what they were

doing and beldeved that this inéight gave them the power to cerrect their

‘own errors and to solve problems that were not familiar to them.

4

» With regard to the mechanical aspects of the children's interaction

with the computer, the results can be characterized unambiguously as

positive. ;All four first graders demonstrated their ability to work with

. 435




40

anwtnfamiliar machine without any difficulty. No mechanical or motor
coordination preblems were detected. They understood the limitations

the program imposed upon their decisions and actions (e.g., no number

-

larger than 30, no noncanonical subtragtion sentences) and worked accorh-
ingly: They exnerienced no difficulty using features like the shift key
for upper case symbols;

The pilot study‘pointed out certain revisions of the computer sof;—

ware that are needed. Currently the program does not provide a direct

v

solution for missing addend sentences (a + E] = b and [] Ha =b). To
. ' - - !
solve these problems, students were required tdsuse fingers or some ex-

ternal counting procedure., During instruction we genera.ly asked students

»

- to validate their answéss by writing the approbriate qddition'sgntence
involving their a;swer. Wé ﬁian to reyise the pr;gram s¢ that a visual
display is produced that can be used to sol;e thé p;oblan. For example,
consider the sentence 5 + [] = 13. Five boxes will appear in sector a
after the student has entered 5 and +. When the student has entered thé\ .
coﬁplepe sentence, 8 blocks &ill appear iq sector b and the arrow will

poiﬁt to the em;ty box in that sector for the studeﬁt to £ill in the "
answer. . Thus, writing the open sentence will‘generate the add on pro-~
cedure, making an.iniﬁial set of 5 and subsequently.adding blocks until’

there is a total of 13.

Another revision calls for the inclusion of noncanonical subtraction

v

sentences. A decision was'made early in the duve}opment of the program i N
to permit no noncanonical sentences with the operation of subtraction
(a —[:] = ¢ and [:]- b = ¢), ’under the assumption that problems, for which

these sentences would be appropriate would be too difficult for first-grade

5_1) .
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children to understand. This assumption proved to be incorrect. Thus,
a revision in futgre programs will be to allow all possible sentences t&
Eé written.

Another inconsistency of the program was that the displays of bo§es
were automatically generated i% a two digit number was entered whereas
they were not so genera;ed for a one-digit number. A conscious a;cision
by the child had to be made to generate a d}splay for a one~digit number
by means of depressing another key (RETURN, +, -, or =), Th; program
will be revised so éhat ;o display will appear for either one- or two-
digit numbers until an additiopal operation has been performed.

In conclusion,‘further'investigation seems warranted. The‘computer
appears to allow children to rely upon their informal mathematics in an
area of formal mathematics such ;s sentence writing., As we havg argued
before, the use of verbal prgblgms dées seem natural to young children
because they are able to solve them in their own informal ways. The

present experiment demonstrates that the computer may allow them to

represent those problems in a formal way,.even though they have not yet

completely learned the formal algorithms and number facts. These findings
suggest that instruction could be changed to make better use of children's”

natural ability to solve verbal problems in learning the formal mathematics

of addition and subtraction. This pilot investigation suggests that the

microcomputer can have an important role in that instruction,
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A LISTING OF THE COMPUTER PROGRAM ‘
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CER RN kK F ?imKA*#A***#'H»4\*****#*#*#**************#*k****HUHK)
BEGIN
BLUTE «FRmlEDh G, "= s «Sleav) s
. BLOCI‘FRAME!.‘QR/GH'.Stm»'
AL OCY FRAMEZ.TCO LU (Bl
BLOCH «FRAMET, "EF /L7 . Sl av)
BLOUCE «(FRAME4D, "MN/ST ' . Sla )
BLOCH LFRAMED, TOF/UVT L Blav)
RULCH FRAMES, "URAWYT L Sl ey
BLAWE (FRAME 7. Y/ f ' Sl av)
BLOLE tRRaAMER, " ab g7 o Btav
BLOTK «FRAME?, "Ccdri .Sl av)
BLOLE sFRAMEQ, "H 1 ygr 7o Bhav)
BLOCEH FRAHEpIus  "an/at " o 8tavs:
RLOCE CFRAMEm I oore, Tt o5t av)
BLOCE AFRAMED Lant . %8 O 8tav)
FLOTH tFROMF egaat . Twe 01 o 8kay )
FLOTE ¢FRnPiE vy, ", - TV 0B av) s .
RLOCE (Fhatb e tahit . 458970 jolav)
BLOCE *FRAaMET o+l . "6 7y Ta8lay)
BLIWE  FRAMEdow, " 8BS htayv s
ARIVH

85 ®m%5 &5 s an a5 AT s i: ax

a8 ar a:

FrulEplrE DROAWNIMEBER (MUMBER:  TNTEGER:; WHERE: SUREENLIDE g
CHRNRFES AR ANOMAACKF R R ORRCF ROF RAOR RCKOK XK K ACROR KOO SOk OO KO 0ok )

¥ ]
‘X DR WMUMEBER - 0] ccer numbier O 90 2etist de ]
[} ; X

'tiﬁ‘&0440&04*44t4**#**##**#**4*****##*****k***k&#**?x*»*$/
FAX1aY ’[‘”\. l’“IT’.\ H [NTFl:Eh.
TEN: BOOLEAM:
FROCE wuE DR LG D) TEN: ROOLEAN: NUMEBER: [NTEGER: WHERE @
Vak TIMF L&, fr [MTEGFR: . ‘
BEWGIN . ’
C TIRE: O Yo D0 : . 58 *

CASE WHERE OF - ) .

\_.L—_ML_LJ—LALA_—LL—_LI—A—A—AMLI.&_——&_ e S Sl o ¥ W el Pl S

SURELE MO LDE »:




e e

50 LIRS

EMD;
Utk
{1
i:

¥ I

QM Vo

DS

REGIH

END:

3E 3

"k *

BEBIN

Bl

A

A

- [ SR R R

END; ok

FROCEDURE®

th DRAWEL -

VIEWFORT (W
FILLSUREEN(COL.OR) 5
VIEWFQRT (. 279, 0,

SRUC EDUAE
\A*&*AA&A4»#*#***»**##»***#**##k#****q#%*A?»k*»

(X CREATE mREAY -

Tk case %) i
MUMHER OF ’

AN IMATE (FRAME O, A.r,TIMb)
ANMIMOGTE (FRAME1 . X Y. TIME) ;
ANIMATE «FRAMED (X, Y« TIME ) ;

. ANIMATE (FRAMEZ, X. Y. TIME) ;

ANIMATE (FRAME4S, X, Y. TIME)
ANIMATE (FRAMES, X Y, TIMED ;
ANIMATE (FRAMEG, X, Y, TIME) {
AMIMATE (FRAME7, X . Y. TIME) :
ANIMATE (FRAMES  X. Y. TIME) :
ANIMATE (FRAME?, X, Y. TIME) §
VK case X))

de awchtenn b X

»

}

LFemUiUMER Gl THEN EX LT (DRAWNUMEER)
CLEARNUM (WHERE T 2 - B

TENS: -NUMBER DIV
UNT TS : =MUMBER-TENS K103 }
1F TENS
TEN: =FAL S

g

O THEN BERIN TEM: «TRUE:

E: DRAWDIGIT«TEMN,UNTTS,

.- -~

ORpWROX (%, vz INTEGER: COLOR:

splate bos at s0r @€

X+7 .Y, Y+
1910

CREATE SRRAY (WHERE : bLhEENHIDL)

b owat e v L, and 1 theas

o
. VAR X. 7. BOXKMUM @ INTEGER:
BEGINM -
\ cus WHERE OF
T BEGINC
T X:-Z: Vi lo7, .
FOR-ROXNMUM: =1 TO MAXEOX DO
REGIN
LTEDX CROXNUM, 0050y
L TROX CEROXNUM., L 1z =Xzy
L TEOXCROXNUM, 21:-Ys
[F X . 43 "
(HEN
FEGIM
Xz -2 2 e ’
O

IF  CCGQROXMUMY MOD 10) =0

DFAWD LG ET VIEN,
WHERE ) 3

LeoGwl tor.

(e a4 vas o

SURFENCOLORY 2
. 1#*14&#*»#¥*l*b*#**x*#&*#*x{f#*&****+4*%**#*##***#**&&»*#)

»

atb AV,

[

5

THEN »y 1~ Y- T4

ELLSE Y:=v¥~1&s

¥

FENS, WHERE ) &

o

1)

EN:

L]
x)
¥)

'*JA#Y##X#&#****4*****k*#k*!#&#&****#éA#*****i##&}k#**&##i;

f&**l&*##*k*#k##%

Ay
4)
L)

\Al&4i#*¥*$44¥#*&$ﬁi4k#**é**#k#*ik&ké#%4#&#*#*&4***####*#*#*r¥¥x;




VEND: . : 51

RTROCOROXNUM, 32 ~05 -
RTROXCROXNUM, L Js=X; .

| LTROXLO 0T -1 - :
[ END;
| \
| RT:  REOGIN ,
{ ' Xa-11he v -lerg ) . -
| FUK BOANUM: =1 10 MaxBOX DO, : :
; EBEGIN
i . RTEOX CROXNUM, 235 v : , 1
F X » 157
\ THEN - ‘ I
BE GIM : -

Ae- 145 ¢
IF (¢ (ROXNUMY MOD lody=0)  THEN Y: ¥-24

« EL&E f:i-Y-lb: . }.
. END . .
ELSE x:=X+14y - .
DRANBUX(RTBUBfEDXNUM.IJ.RTBGALBDXNUM.:].HLHLI):
FErDs ‘ i
RIBOALO, 3= 1 : "
” FiND; s
v END: (3 ¢ aser &)
END: " E

EUNCTION GETEY ORSET: SETOFCHAR): CHAR:
1******##x**&x*»#*m**wm*****k&**x**w***&*m*****k#kxa*********»x)

Yok . , )
¥ hErrkr - uet a eharacler from hevboard. ¥)
¥ ’ X))

’kk#*&*k#i#***¥i***#*****#*****#***********Y******m**&****#**#Kx;
VAR CH:CHAR: (00D: BOOLEAN:

BEGIN s
REFEMST ) . -
" READ (1 E YECHRD . CHY ¢ &
IF EOLN(} EYRDARD) FHEN CH:=CHR(17):
IF CH-"0" JTHEN BEGIN STDFONT: EXlT(FRﬁRhAM)- END s

GUOD:=CH IN OFSET: .
. IF NGO GQO0 FHEN RINGRELL . )
UNTEHL 600U ' o
GETIEY: - (M .
. END:
FRUIJCEDURE | E/CHECE (VAR FEY: CHAR: VAR CTLASS: FEYTYFE) 1, ..
VKR F KK KK AR IOF 30K K A 08 0 XA JOKROKRCKOK R R OR 0K OO R R R R RO F ROk A K hy)
¥ . X
3 FEYCHECH - Determing what kind of Fev was pressead. Xy
A : b )

CHRY AR B F X KACAR R AR E IR KR KKK KK ACK K KAOIOKOR K A R oK ok R R KRR A OOk ok ¥ A X))

VAR SFSET.DIGITS: SET UF CHAR;:

mmmw=qET SLOHR(EE) (CHROZ7) CHR( 21) . CHR(B) .CHR (32) ,
THR 145) , CHR (43, CHR (6 1) , CHR (63) ,CHR(88) . CHR (1201 1;

HEGIM
GOTIX ' 44 07 . } N ’ . .
DIGITR: -7, 0" %7 03 »b(} ) . '
ﬁ. ret QS - s S ’
]:R\(: - + e X PERE'S .




C e , D

52 o .
IF rEr IN SFOET :
THIEEN N
e GIN
IF tEYy=CHR(13) THEN CLASS: -CR:
IF VE/=CHR(27) THEN CLASS:=ES8(:
IF FEY=CHR(8) THEN CLASS:=LEFTF:
[F +EY<=CHR{(21) THEN CLASS:-=RIGHTA;
IF HEY=CHR(32) THEN CLASS:=8FACE; .
1F FEY;CHR(4J)PTHEN CLASS :=MINUS;
IF REY=CHR(43) THEN CLASS:=FLU&S:
IF HEY=CHR{&1) THEN. CLLASS:=ERQUALS:
"Ik P EY=CHR {67} THEN CLASS:=QUES:
Il'- (. Y=CHR(B88)) OR (LEY=CHR(1.20) ) THEN Ll 65 -CLK: Y

rlASszNUMéRaLz' , ‘ .
-3 L . )
END: . - S

FROCEDURE AODDEDX (WHERE: SCREENSIDE) :
(*****i*****kl***l*#********&****X**K*#****X**##*##**#A#*X)

X ' B
(x ADDEOL - place boux On SCreen Usind «pproptale =t de, x)
(X : )

(****#4%**#*********#*******K***************i*******#*****\
VAR EROXNUM: [NTEGER:

REGIN
CHSE WHERE OF
I T: REGINM
BROXNUM: =L . TROX T, 01
1F RQXNUM 0 THFN
EGIN
HRAWBOY(llHDX[BDXNUH LI, L TROYIROANUM, T R LIE)Y 5
LTROXEO, 0T =BOXNUM+1; vk et Free b )
J IF LTROXLG.0T - MAXBOX THEN LTBOX[O. Qs =Gy vk mane lefl X

; LTEOXEROXNUM, 01 s =1 3 (h Filled
EMD: : .
5END: : . X
KT: BEGIN
BOXNUM: ~RTROXLO ., 07 3 .
IF BOXNUM <5 O THEN ) .
REGIN

DRAWEOX (RTROXTROXNUM, 11, RTROX CROXNUM, 07, GREEN) 3
RTEROXLO 21 =BOXNUM+-1 3 (b onnf free bow %)

. ' IF RTROXLO,07 » MAXEOX THEN RTEROXL[G.O3:=05 (X none left %)
L TROXCROXNUM, 0 J:=1; (x filled * ‘
END: .
FiNDs .
END: (% (asze X ) ' bl
END; . .
.o 6 : ’
A
- JCEDUKRE SUEBOX \WHERE: SCREENSIDE): .
]:R\(}A**x***xxrx*x#****x*************#*********#m*x****x**a*>' |
PR T < *.) |

. - - X v n usi the side, %) .




VAR BUANUM: LN ELERS

BEGIN -
CHSE WHERE O

| 1L T: BEGIN
| BOXMNUM: ~LTEROX{O.0T;
{' ) IF ROXNUM ° 1 THEN
- BEGIN

IF BOXNUM=0 THEN ROXNUM: ~MAXRUX El SE BOSMUM: -ROYNUM=1 5
| DRAWEGX (L THOXCROXNUM, 11, LTEOXCROXNUM, 23, RLACK )
| LTROQXLO,07:=RBOXNUM: (¥ nxt free bDox ¥)

ETROXCROXMUM, O] : =03 (k emply X

END: ‘

END: -
|
|
l
t
!
:

RT: BEGIN .
. ROXMUM: =RTBOXL0, Ol
- [F BOXNUM ~° 1 THEN
LESIN .
IF BOXNUM- O THEN EBOXNUM:=MAXRBOX EiL2E BOXHUM: -BOXNUM-L,
DRAWRDX (RTROXCBOXNUM, 17, RTROATROXNUM, 23, 8L fw k) s

RTROAL O, 0T =BOANUM, X el 41 ee s &) n
¢ - RTEOXTBOXNUM, 0J: =03 ok ompty )
END:
<

END: ¥ (a~e X
END:

FROCEDURE MOVEROX (FROM: SEREENSIDE):
O R Jor 00 R 30KKCKAOKOIOIOF JOR KRR ORROK R R AOK KR K K3 4 A0KK0R KO0k K0 K00 Y XoRIO

(% ‘ , %)
(% MOVEEROX - shuffle bovx from side Lo stde . *),
Ck . *

END; : R

R R R AR F AR R ROR R F R RORRRICR R AR KRR S A RF KRR PR XA A ARR N AN
VaR BOLNUM: INTEGER:
|
|
|
t

REGIN
CHOE- FROM 1IF . *

P T: REGIN . . .
- fFLTROXCO.0T 1 THEN
BEG I
SUERLCR LT ) .
DRAWBOX (Ba, 1 Zu. & UE) .
DRAWROX (B&, 1 20, GREEN) 3 ~
DRAVERDX (Ba. t 2O BLACK Y 2 ) g
ADDROX (RT) & .
EHD
Ft 8 ERRORMSE:
END;

RT: EEGIN .
[F RIBOXLO.01C .1 THEN
REGIN.
. SUBEOX (RT) 3
DRAWEDX 186, 1 70, GREEN) :
DRAWE(IX (86, 1220, BLUE) 3
ORAWEDX (86, 170, BLACK ) 3 '
ADDEOX (LT) 3 , P

EMD . ' 62




.
. H

.
3“ A..lwu:‘a ;-- K

END:. v

. . e . -
FROCEDURE DRAWOFENBO A WHE RE 2 SCREENSIDE) &
(******#*-’********4’-****)W*&************# KR ARKRY R KR b AR F XA

ok *
(% DRAWOFENEROX — place open box on surewl. ¥)
e (X . ' %)

: (*********#**********************R****************%X*A****)
~ var X.y: INTEGER:

BREGIN ' :

IF NOMUMERAL THEN EXIT (DRAWOFENROX) §
Y3=205 |
CASE WHERE OF

~LT: Xz2=3 3

MID:s x:=3:

RT: X:=19; b
ANS: Xx:=T34: ’
END; (% tasmwe %)

o’

CLEARNUM (WHERE) ;

ANTMATE (FRAMED G o X0 Y03 .
OFENWHERE : =WHERE 3 ‘
END: \
k$1 BOAES.. TEXT ¥) ,
'«*****#*******m***#************x**#**************%»#*x*m**)
(X . ‘ —~ X)
X opea 1 al dr aw routines tor wperal Lis %)
(x : _ )
<*x*x*&x*w*»x»****x*x**x***#x*******x********x**#»******xx>
FROCEDURE DRAVWERUALS: : .
REGIN
IF \ADDSENTERNCE DR SURSENTENCE) THEN' ,
EEGIN ' '

CURSOR 1L URSDRUOw « ANSWER) &

WHERE : =-ANS3

1F NUNUMERAL THEN EXIT (DRAWEQUALS) :
Coxxal8: YiwlOg ANIMATE (FRAMEeguial 5. X, ¥ 003
END:
END:

FROCEDURE DRAWFLUS:

* BEGIN

' ANDSEMTUMCE:: - TRUE: X '
IF NONUMERAL THEN EXIT{DRAWFLUSY:

ii=17: v:=003 ANIMATE (FRAMEPlus,X.Y.0)3
END3
FROCEDURE DRA@MINUS: . ‘
REGIN '

SURSEMTENCE: =TRUE:
IF NONUMERAL THEN EXIT (DRAWMINUS) 3
X:=17T3 Y:=1203 ANIMATE IFRAMEmMinus, X. Y. ) 3

END; ,
. PROCEDVIRE ESCAFE: .. . T,
‘BREGIN . .
F ILLSCREEM (BRACH » 2
CLEARNUMALT) 3 5
N . . ‘) v

QO [ CREATEARRAY (LT 3
Eﬁ&g; CLEARNUM (RTY 3 : &
- CREATEARRAY (RT) 3 : —




ADDSENTENCE : =FAILLSE
SUBSENTEN( F: =FAL 5F
COFENRURK s FAL SE;
T ML

"
L)
-
"

FROCEDURE ENDNUMERAL (MUMREHR: INTEGER: WHERE s SUFFENSILED :
VAR T: IMTEGER;:

BEGIN
1IF NUMBER - «
. THEN DRAMNUMERER (NUMBER, WHERE ) .
ELSE FOR I:= § 70 NUMBER DO ADDROX (WHERE) :
END3 - '

S AROCEDURE LEFTS1DES
CF A OR KKK 0K KKK KO K A KOK RO OKK 0K XOR R K KKK OK ¥ 0K KK KOR OKOK K 0k o R KOk

(% Kk
(X LEFTSIDE . . ¥)
5 ' I}
L CHORK XA ROK K AL 0RO OR R AR ORI O KOORS00 AR AORAOR o HR R XA KRR A K0k
CRBG+F
L AREL 13 -
VAR FBY: CHAR:
81, 9TR:  STRING: - ) . .
. CLASS: FEYTYRE:
DIGI FMODE.DONE: ROOLEAN:
NUMKER: INTEGER: : .
KEGIN ’

OFENEQX: FALSE: DIGITMODE: ~FALSE: DUNE: ~-FALSE
NUMRER: -O: STR:=""2: Sis=" "3 .

REFEAT
1: KEYCHECH (LEY.CLASS) : .
. g
IF QFENEOX \
THEN BEGIN

THEN REGIN  END
ELSE REGIN ERRORMSG: GOTO ty END:
- EMDy s
B EICEN W
CASE Ut & UF
s BEGIN

CREATEARRAY (LT ¢
CLEARMUM(L T35 - -

CLEARNUM (WHERE) 3 .
STR:=""3
DIGITHMODE: =FALSE: NUMBER: =0:

IF (((CLASS=FST) OR (CLASS-FIUS )Y DR I n&SS- LuLR) )

QFENROX: ~FALSE: DIGITMODE: =FAl 8E: NUMREFR: o3
END3 ] '
° ExC: BEGIN DONE:=TRUE: ESCAFE; END:
LEFTA: BREGIN : X
STR:=" 173" ?
SURROX (WHERE) 3
IF LTROXLO,01 - O
THEN NUMEBER: =l.TROXL[O,01—1
’ ~ ELSE NUMEER:=MAXBOX:
[F MUMERER - © .
THEN DRAWMUMEER (NUMRER., WHERE)
Q ELSE BEGIN. .. 64

ts

Bike

- 1+ D1EITHMAGDE
L THEN ‘REGIN hNDNpMERHL(NUMBER.NHERh): DILTTHUDE: -Fra B olixe
END:
. CLR: BESTN

<



#%ﬁ o r.
r Q0 Rk e RLbiM .
- . bk Tl
Dt a s WHeRE g
[P L Tiwtalo, ol “y
VHEM NUMEsR: LU TRUOAC 0 ) 8
- ELoE NUMRER: =MNAXEOX: .
[F NUMBER ~« O THEM DRAMHUME\'EH'.HUHBER"NH&:RE)\-\bl
FiND e ‘
SRR RHEIm . i
IF DI THDDE WD o&TR LT
THEN BEGIN ENDNUMERAL (NUMEER.WHERE »; DURTIMUDE: Fiab oo B
WHERE: Ri3: ) ..
" DONE : = TRUE: )
TR
hrihe REG M
DFOWM LS
IF 8TR T THEM LERDME I deead cH MG e L e R s
WHERE . Milg
CUdE ¢ - TUE T
Fibg . '
Pt the il
Choadabt i,
1F T TWENECC S pdde o i . Co A BHICRE Bt Btk R WHER
tofae s chitdfe
Wrie RE. R : ’ ,
U M.
R ETRYRNCE RKEG [ .
R COT PHEDD 1 ey T TR e lHE R
g DAL e
AHERE 1 -AbiGs
DONE: = TRUE
[N T
TR T BEGEM
1 OVR B R B L
T "
Db bedio o F MO A CWHERE 3
s [
o e TRUE
t b
N e N L{E a§ R
t WO
([T S AR R RY SRR § D
U A ER N SR t
(TN .
FE T ’
st b ben:

N - CUMUR L (5Tha AL . U HRER: o U v .
: (LEEMNUMBER(NUMBER.NHERF>:
O IAL THUDE : —=TRUE 2
TF NUMEER  MAAROX THEN
. BEGIN
NUMBER: -03 .
AYR: s p
ERRORMEE .
DIGTTHODE : - FL St 3
CLEARNUM L 1) 3
. EMD: N ) .
‘U INNRER.S rHﬁ\\
HEGIN -

. EMDMUMERAL JHIMKER JWHERE o5 Tol et o rrn vt
' AIR:-"103%%
. ML, ’ .
END 65
El.aE ERRORMS6; NN




ONT T LONE 3
tND 3
FROCEDURE MIDSCREEN: '
\tm***x*n***xx*x*xx**#mm;***x*x**w»**x***4***x4¢***xxx**»4)

CF ‘ )
(X 1IDSCREEN : ¥y
L X )
. R AR K000 KKK KK Ok KKK kKKK A K A KKK KK KOO0 KX K0 KKK AR %) .

VAR tEY: (CHAR:
81,8TR: STRING;
CLASS: FEYTYFE:
LIGITMODE, DONE: ROOLEAN:
RTNUMERER, L TNUMBRER, NUMBER: INTEGER:

, J
FROCEDURE TRANSFER (NUMEER: INTEGER: WHERF: SUREENS1DE. :
- VAR I1: [NTEGER: .
. BEGIN
IF NUMBER -~ LTNUMBER ,
THEN _ _ . . : L
REGINH

[F NUMEBER-O THEM DRAWNUMEER (NUMRER,RT):
FOR [:= 1770 NUMRER DO
BEGIN
A MOVERO X (WHERE) 3
) DRAVNUMEBER (T RT3
ENiD: i
TRD
FL.3& ERRORMSG;
ENDs

L4

BEGIN
DIS)YTMADE : ~FALLSE s DONF: =FALSE
NUMRER: -3 SfR:-""3 Sl:=" T3

[F LTROX(OQ.0) O
THEN L TNUMBER: =L TROX[O, 01~
£l SFE L IMUMRER : ~Max 043

REFENT *
FEYUHEUCE (FEF v (L ARG 5

LASE UL idns OF
Libs REGIN
1k RTBQx(0.0] O
THEN RTNUMBER: =RTECOXLw. 01~
ELSE RTNUMRER: =MAXEOX: :
TRANSFER (RTNUMRER, RT3
CREATEARRAY (RT) 3
CLEARNUM(RT ) 5
RIGITHMODE: =FALSE: NUMBER: o3 STk:=""3
END;
LR: WEGIM
[F DIGITMODE THEN ‘-
BEGIN
TRANSFER (NUMEER, LT)
DIGITMODE: =FALSE: STR:="1223°
CrDs ' . ‘
1 END; 6U !
- EXC: REGINy DONE: - TRUE: ESCAFE: END;
ERIC  (eFTa: BEGIN

STR:=" 137

~




\

o8
FLSE RUMEBRER: -MAXROX:

“IF NQﬂBER 2e O THEN DRAWNL

Fiibs
FIGHT s BEGLN
! STRz2="10 273
MOVEROX {LT) :
IF RTROXCO, S~ O .
THEN NUMEBER: =RTEBOXLL. 0I-1
FLSE MUMBRER: =MAXEOX:
IF NUMRER -~ O THEN DRAWNUMEER (NUMEEF.RT):
FiDs
Sy Bz REGIN
IF DIGITMQDE
THEN REGIN TRANSFER (MUMERER.LT): GIG1iQDF . -Faal -t
DRERAWEDLIAL 53
, WHERE 5 ~ NS 2
HINE 3z - TRUE ¢
FiND s -
Pitador o HEGIW
DRAWMIMUS:
IF ADISITMODE OR WOGHTR IS DA
- THEM TRANSFER (NUMRER.! T
VRAWESUIALS
WHERE ¢ ~ANSD:
DUNE : = TRUE:
END
FLUD. KEGIN
) IV LCHGTHAARTR) -G
THEN
cFGeIN
DRAWRFLUSS
EMDNUMERAL (NUMBER.R 1 3
DONE 3 - TRUE ;
WHERL : =RT3
D
ELSE ERRORMSG: -
Eidhg .
¢ty e REGIN :
1i SR 107 THEW TReaIRFER ciailiedk L6 e
DRAWEDUSL by
WHERE: -ANGS:
DIUNE 2 - TRUF @
ENDs "
TOUES:  ERRORMSG.
NUHAE Bidt 2 BEGIN
1A LENOIE (RTRY C |
THEN ] .
REGIN
S1013:=bEvs
, STF:«CONC&F(ﬁTR.SI»: NUMRER: - Vi LIE (BT R0
NRAUNUMBER (NUMBER RT3
LIGIIMODE: - TRUF
[ MUMBER  LTNMNUMBEFR THEN
REGIN .
. HUMBER: =03
. * 8TR:=""s
EFRRORMSG: -
DIGITMODE: =FALSE:
CLEARNUM(RT) & ~ .
1 END; 6"
LS IF NUMRER»? THEN { .
ERIC REGIN -

TRANSFER (NUMBER,LT) 3

.

r

FRONUMBER, RT3

?




~K ‘ ,
| : ¢ ENY
| ELSE ERRORMSG:
| EMD3:
‘ENU:

"€£ND;

-

|
|
, UNT It DUNE; ' ‘

FROCEDURE RIGHTSIDE:
CRAOR FORAOKK RN K K KKK KKK KSR IR KR KK KO KKK KR KR K OK KKK AR A KK A )

X . )
(X RIGHTSIDE ' < %)
(X “ X

R KOK A KOK KKK KK KKK KK KKK ORKOk A3 A XK KK KKK O KKK SRR b OOk X0 K K X )
Y VAR KEY: .CHAR: .
S1.8TR: STRING:

CLASS: +EYTYFE;

- DIGITMODE, DONET  SOOLEAN:

; NUMBER: [NTEGER:

/

as

NUMBER: 20y STR:=""7 S1:=" 73
REFEAT
NEYCHECH (+EY.CLASS)

CASE CLASS OF
CLK: REGIN : .
CREATEARRAY (RT) 3
CLEARNUIM(RT) 5
IE OFENWHERE=RT THEN OFENEODX:=FALSE:
DIGITMODE: =FALSE:; NUMBER:-0O3 STR: - "7 :
END: . g
CR: BEGIN
IF (DIGITMODE AND (SHR. - 123%))
D: FHEN KEGIN ENDNUMERAL (NUMEBER.WHERE): DIGITMODE: -FALSE:
> END: . o N
SC: BEGIN DONE:=TRUE: ESCAFE:; END:
{ EFTA:  EREGIN
QTR:="1.7"3
SUBREDY (WHERE ) 3
IF RTROXTO.01 - 0
THEN NUMBER:=RTROXLO,03~1
ELSE MUMEER: =MAXEOX 3

EEBTN )
DIGITMODE : ~FALSE: DOME: ~FALSE;
IF NUMBER = 0 THEN DRAWNUMKER (NUMEBEF, WHERE) ;

END:

KiGHIm: BREGIN

STR:= 127"

ADDEOX (WHERE) 3

IF RTROXLO.03 » O

THEN NUMBER:=RTBOX#-1

ELSE NUMEER:=MAXEOX:

IF NUMEER +=.0 THEN DRAWNUMEER (NUMEER,WHERE) ;

, END; ) :
' SFACE:  REGIN ‘

IF 8TR . “123° THEN ENDNUMERAL (NUMEER,WHERE) :
IF (ADDSENTENCE OR SUESENTENCE) THEN DRAWEQUAL.S:
WHERE : -=ANS:

DUNE: =TRUE:
END

B : MINUS: REGIN
. IF LENGTH(ETR) =G

. THEN ° . - 63

59




r----‘T______——————ff————_

DRAWMINUS;
60 . WHERE:=MID;
DONE:=TRUE: -
END
ELSE ERRORMSG:

J . END;

FLUS: REGIN .
DRAWFLUS;
IF DIGITMODE IHtN
BEGIN
ENDNUMERAL (NUMRER, WHERE) 3
STR: =" 123"
DIG1TMODE: =FALSE;
ENDj
END3
EQUALS: REGIN

IF STR ~ 123" THEN ENDNUMERAL (NUMEER,WHERE) 3

DRAWEQUALS;
WHERE : =ANS:
DONE: =TRUE;
END3
QUES :REGIN : !

IF ({ADDSENTENCE AND {NOT QFENEOX)) AND (STR-

REGIN
| DRAWOFENEOX (WHERE" :
STR:="123":
OFENEOX : =TRUE
DRAWEQUALS: WHERE: =ANS: DONE:=TRUE;

N

o7 THEN

END
» ENDs
NUMERAL: BEGIN
IF LENGTH(STR) - = 1
THEN
BREGIN
Si013:=kEY:
STR: =CONCAT (ETR,51) ; MUMBRER:=VALUE( STRY
DEAWNUMEBER (NUMRER, WHERE) ;
DIGITMADE : =TRUE N
IF NUMRER "~ MAXEROX THEN
REGIN ’
NUMRER: =03
STR:="
ERRORMSG:
DIGITMODE : =FALBE:
CLEARNUM (RT) 5
END;:
IF NUMRER -9 THEN .
BEGIN
ENDNUMERAL (NUMRBRER . WHERE? D1SITMODE ; ~FAL.SE:
STRe=" 1237
END3
END
ELSE ERRORMSE: .
ENDz: mﬁﬁ

END3

UNYIL, DONE:
END3:

FROCEDURF FARSIDE;
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S1,8TR: . STRING:

- CLASS: - EYTYFE;
DIGITMNDF . DONE: RODLEAN:
LTRUMBER, R TNUMBER, SOLN. X, Y. NUMEBER: INTEGER:

HEGIN
DIGITHODE : =FALSE: DOME: =FALSE:
NUMEBER: =03 STRy=""; Si:= "

REFEAT
. FEYCHECH (MEY.CLASS) ;
CASE CLASS OF é
CLR: REGIN

CLEARNUM(ANS) 4
DIGITMODE: =FALSE: NUMBER: =0Q; STRz2-" 3
ENDS .
CR: REGIN
1F DIG1TMODE THEN
BEGIN .
ENDNUMERAL (NUMEBRER ,WHERE)
DIGITMOADE: =FALSE
STR:="1237
1F (ADDSENTENCE AND CFENRGX) THEN
BEGIN
IF LTROXEOND, 0 - o
THEN LTNUMRER: =L TROXLO,21~1
ELLSE LTNUMRER: =MAXROX:
{F RTROXCO.01 - O
) THEN RTNUMEBER: =RTROXLO,Q1-1
\ ELSE RTNUMBER: =MAXEOX:
IF OFENWHERE=RT
THEN SOLN: =NUMRER~L TNUMEIZR
ELSE SOLN:=NMUMBER-RKRTNUMREF;
ENDNUMERAL ( ROLN, DFENWHERE)
DRAWNUMRER (SOLN. QFEMWHERE) ¢
EMbrg -

0
Loy
Eot o2 BREGIM DOMNF: A FAiF s ESCARE: END;
L ER s HEGIN
£ RROAMSU;
FRD s
Pl e BUIRTHN
FRROKMSG:
TEND: -
SERALE BEGIN
. ERRORMSG:
eND s
MiNLS: BREGIN
ERRORMSG:
END 3
Friige. BEGIN
FRRORMSG \
END
tOUAL S BEGIN
DRAWEDLAL S
END; .
UER: HEGIM

IF (ADDSENTENCE OR SURSENTENCE) AND (RN

THEN BEGIN DRAWOFENBOX (WHERE): END

ELSE  ERKORMSS: .
. COEnD: ‘ (Y
NUMEROL: BEGIN ‘ '

-
) i

OFEMEUX) )

6l

- -
A

B

.

¥

LI

‘u—,n\
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.
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ERk(:wRITELN(

s MRITELN( (N)umerals tc be dlsplayed.’)’

_i{%T k

l
:‘

~%

-

bs S STR: —LONCAT&STR 81): NUMBER: =VALUE (STR) :
DRAWNUMEER (NUMEER . WHERE » 3
(. DIGITMODE:=TRUE:
: IF NUMRER » (2¥MAXBOX) THEN
REGIN
) NLUMBRER: =0
* ’ STRz=""3;
ERRORMSG:
DIGITMODE: =FALSE:
CLEARNUM (ANS) ;

ENDz
END
ELSE ERRORMSG:
. \
END; \

END s

UNTIL DONE:
X:=08: Yi=o0; ANIMATE (FRAMEblanbh.X.Y.0):
CLEARNUM {ANS) 3 : :
EMD:

¢
€

FUNCTION MENUCHOICE (F1CHS:SETOFCHAR: Y: INTEGBER) : CHAR:

(*#&A***x*#***##*****m*k#******#*******#***************%***&*#*#)
ik l1dentifies user selection from SET OF CHARACTERS %)
(***¥x¥***#*************k**********#*****X*******#*k****%*****x*)

VAR S1: STRING: CH: CHAR: FIX: SETOFCHAR:

REGIN ! . //

FIX:=013;
FOR TH:-CHR(6S) TO CHR(QO)
DO IF (CH IN FICHS)
OR (CHR(ORD(CH)+32) IN FICHL&D
THEN FIX:=FIX+[CH,CHR(DRD(CH)+32) 13
REFEAT .
GATOXY (L,Y); "
WRITE( ¢ » Type letter. Then preéss return.’
BGOTOXY (2, ¥Y)351:=" " s READLN(S1) ¢
IF LENBTH(S1)=0 THEN S1:=" "3
IF NOT S1[1) IN FIX) THEN ERRORMSG
UNTIL S1012 IN FIX;
MENUCHOICFE:=81L11;G0TOXY (40,23
END; N

" FROCEDURE MENU;

(#*************************l********#**********X*#*****X**)

(X . X)
(% MENU SECTION Xx)
(X Xx)

(*****************W*********************¥$*ﬂ#*******#*****)

VAR MAINCHAR: CHAR;
BEGIN ¢

FILLSCREEN(RLACK) 3

GOTOXY (0,003

NRITELN(‘wasconsxn Center for Education Ag%garcw‘)
WRITELNI' () 1982 by the Regents of” )3

WRITELNLT the University of Wisconsin )i’
WRITELN: WRITELN;: ¥

3

MATHROXES ) 3 NRITELN NR;TELN: ?
X -

)
’ b -



WRITELMC(® (D uito'): » ,

>

MAINCHAR: DHHUCHOTCE D "W "w "N o e Tyt dadas 63
CASE MAINCHAR OF . -
. MY, 0t MONUMERAL 3: -FALSE ;. . C
. ¥ LW NDNUMERAL S:=TRUE: : '
- 0T, Tatr EX1T(PROGRAM) §
END;
FTL1 SCREEN(BLACK) 3
FnD: - .
w oA R AR KO RO OO KO0R R KR OR KR FOKR R KON KK IR RO OR R R A 4 Ak KX
’ (& ! \ X)
K Moy IO AROUTINE — 'y
-~ (& , . . ' .
CA R AR AR AR ROk KACKROR KA AOK KKK A KK A K A A K KA AR ORI OM IO K KX KX F ¥
BHEGIN ‘ - . . :
MENL . ‘ -
ADUSENTENCE: -FALSE s HELLFREEZESOVER: =FnLSE;:
QUESENTENCE: -FALSE:  DFENBOX:=FALSE;
. INITTURTLE: GRAFMODE; .
LOADFONT (BOXES, " #4:BOXEQ.FONT ) :  FICTURES: USEFONT(RUXES) :
FILLSUREEN(RUACH) 3
CREATEARRAY (LT) s . :
CREATEARRAY (KT) : . : -

WHERE:=1.7:
REFENT - )
L ARE WHERE QF .
LT: BEGIN
CURSOR (TURSTIRUR LEFTBOX) &
LEFTSIDE:
END
MID: BEGIM .
CURSOR (CURSOFy 1ylgt «1MIDDLE)
MIDSUREEN;S
ENU:
ft: BFEGOIN
HURSQR (CURSORLE  RIGHTEROX)
FIGHTSIDE:
. ENT -
nMG: BFGTN
U URSOR (CURSDRJwwW . AT ISUIERD
FARSIDE:
£NDs

I

as

-

at

~

END: +f (ase X)

T 1L He L LFREETESOVER:
STDFONT: o

END. l : a
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